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a  b  s  t  r  a  c  t

The  seroprevalence  of  Toxoplasma  gondii,  Dirofilaria  immitis  (heartworm),  feline  immuno-
deficiency virus  (FIV)  and  feline  leukemia  virus  (FeLV)  infections  was  examined  using  serum
or plasma  samples  from  746  pet  cats  collected  between  May  and  July  2009  from  clinics  and
hospitals located  in and  around  Bangkok,  Thailand.  The  samples  were  tested  for heartworm,
FIV, and  FeLV  using  a commercial  ELISA.  Of the  746  samples,  4.6%  (34/746)  were  positive
for heartworm  antigen,  24.5%  (183/746)  had circulating  FeLV  antigen,  and  20.1%  (150/746)
had  antibodies  against  FIV.  In addition,  the  first  348  submitted  samples  were  tested  for  T.
gondii  antibodies  using  a modified  agglutination  test  (MAT,  cut  off 1:25);  10.1%  (35/348)
were  seropositive.  Of the  348  cats  sampled  for all four pathogens,  11,  10,  and  1  were  positive
for T. gondii  antibodies  and  FIV  antibodies,  FeLV  antigen,  or  D. immitis  antigen,  respectively.
Of  the  35 T. gondii-seropositive  cats,  42.9%  (15/35)  were  co-infected  with  at least  one of
the  other  three  pathogens.  The  presence  of antibodies  to  FIV  was significantly  associated
with both  age  and  gender,  while  FeLV  antigen  presence  was  only  associated  with  age. In
pidemiology the case  of  FIV,  males  were  twice  as  likely  to  be infected  as  females,  and  cats  over  10  years
of age  were  13.5  times  more  likely  to be  infected  than  cats  less  than  1 year  of age.  FeLV
antigen  was more  common  in  younger  cats,  with  cats  over  10 years  of age  being  10  times
less likely  to  be  FeLV  positive  than  cats  under  1 year  of age.  This  is the  first survey  for  these
four  pathogens  affecting  feline  health  in  Thailand.

© 2012 Elsevier B.V. All rights reserved.
∗ Corresponding author. Tel.: +662 218 9663 70/668 5 351 1080;
ax: +662 218 9666.
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1. Introduction

Heartworm (Dirofilaria immitis), Toxoplasma gondii,

feline immunodeficiency virus (FIV) and feline leukemia
virus (FeLV) are important infectious agents in cats. Cats
can succumb to infection by D. immitis with clinical
signs varying from asymptomatic to chronic respiratory

dx.doi.org/10.1016/j.vetpar.2012.02.021
http://www.sciencedirect.com/science/journal/03044017
http://www.elsevier.com/locate/vetpar
mailto:vetkwan@hotmail.com
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signs, and acute death (Litster and Atwell, 2008; Bowman
and Atkins, 2009). Also, pulmonary larval dirofilariasis or
heartworm-associated respiratory disease (HARD) is asso-
ciated with asthma-like clinical signs in cats (Venco et al.,
2008). T. gondii is a zoonotic agent that infects people and
other animals worldwide (Dubey and Beattie, 1988; Dubey,
2010); cats serve as a definitive host and are the only source
of the oocysts in the environment. T. gondii infections in
cats are typically asymptomatic, but the infection in other
mammals and birds can cause severe disease with the most
feared consequence being the infection of a human fetus
during pregnancy in a naïve mother (Elmore et al., 2010).
FIV and FeLV are retroviral disease agents of cats worldwide
(Dunham and Graham, 2008). Prior studies of cat sera have
shown an association between seropositivity for T. gondii
and these two viral agents in several countries (Witt et al.,
1989; Lin et al., 1990, 1992; Dorny et al., 2002; Maruyama
et al., 2003; Dubey et al., 2009). Here, we investigated the
prevalence of these four agents in pet cats in Thailand and
examined the potential association of infection with the
pathogens in the same host and the possible risk factors
that might be associated with infection with these agents.

2. Materials and methods

2.1. Animals and samples

Serum or plasma samples were obtained from 746 pet
cats between May  and July 2009 from 137 clinics and hospi-
tals located in and around Bangkok. Samples were brought
to the laboratory for this testing if sufficient sera or plasma
remained after other in-clinic diagnostics were performed.
Samples were stored at −80 ◦C, thawed, and vortexed prior
to serological testing. Only one sample was collected per
cat. Signalment and history information, i.e., gender, age,
habitat (totally indoors or access to the outdoors), was col-
lected retrospectively from each clinic and hospital.

Gender was recorded for 477 (63.9%) of the 746 cats
(Table 1). Age was recorded for only 292 (39.1%) of the 746
cats. Whether a cat was indoors only or had access to the
outdoors was recorded for 133 (17.8%) of the 746 cats, and
39.8% of these cats were considered indoor cats. In the case
of the subset of 348 cats sampled for antibodies to T. gondii,
gender was recorded for only 225 cats (64.7%), age for 148
cats (42.5%), and indoor–outdoor status for 77 cats (22.1%)
of which 40.3% were considered indoor cats.

2.2. Detection of heartworm, FIV and FeLV

The assay utilized to detect the circulating antigens of
D. immitis and FeLV and specific antibodies to FIV was the
SNAP® Feline Triple® Test (IDEXX Laboratories, Westbrook,
ME,  USA). The serum or plasma in this case was an aliquot
of each sample shipped on dry ice to the United States. The
assays were performed as per the manufacturer’s instruc-
tions.
2.3. Modified agglutination test (MAT)

It was only possible to perform the MAT  on about one-
half of the samples. Thus, the first 348 submitted samples Ta
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Table 2
Prevalence of T. gondii (n = 348), FIV, FeLV, and/or D. immitis (n = 746) in cats in Thailand.

Agent(s) Number positive Percentage positive Total positive for
any listed agent

Percentage
co-infected out of
cats with any listed
agent

D. immitis 34 4.6% 34 N.A.
FeLV  183 24.5% 183 N.A.
FIV  150 20.1% 150 N.A.
T.  gondii 35 10.1% 35 N.A.
FIV  and FeLV 41 5.5% 333 12.3%
FIV and D. immitis 10 1.3% 184 5.4%
FeLV  and D. immitis 6 0.8% 217 2.8%
FIV,  FeLV, and D. immitis 1 0.1% 351 0.3%
T.  gondii and FIV 11 3.2% 109 10.1%
T.  gondii and FeLV 10 2.9% 118 8.5%
T.  gondii and D. immitis 1 0.3% 46 2.2%
T.  gondii,  FIV, and FeLV 6 1.7% 171 3.5%
T.  gondii,  FeLV, and D. immitis 1 0.3% 118 0.9%
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T.  gondii,  FIV, and D. immitis 1
T.  gondii,  FIV, FeLV, D. immitis 1 

.A.; not applicable.

ere examined using the MAT  to detect IgG antibody spe-
ific for T. gondii.  The assay was performed as previously
escribed (Dubey and Desmonts, 1987). A titer of 1:25 was
onsidered positive.

.4. Data analyses

Descriptive statistics on the percentage of single
nfections, concurrent infections, gender, and different
ge groups was performed. The significance of poten-
ial association between infection and age, gender, or
ndoor–outdoor status of the cats, was evaluated using the
hi-square test and was evaluated at p < 0.05. This same
est was used to examine whether there was any associa-
ion between all pairwise comparisons with the different
gents. In the case where T. gondii was used, only the 348
ases that were tested for antibodies to T. gondii were
ncluded. For the statistical comparisons between antigen
r antibody status and gender, age, and indoor–outdoor
tatus, comparisons were only made for subsets where
ll variables (age, gender, and indoor–outdoor status) had
een recorded.

The relation between the age of the cat and the like-
ihood of seroconversion to FIV and FeLV was evaluated
sing logistic regression analysis. The age of the cat was
ivided into 4 categories (<1 year of age, 1–5 years old, 6–10
ears old, and >10 years of age). The significance of associ-
tion of these categories to the reference category (<1 year
f age) was evaluated by the significance of the respective
egression coefficients and the magnitude of the relation
as quantified using the odds ratio (OR) and the 95% confi-
ence interval. The significance was considered at p < 0.05.
ll data analyses were carried out using the Minitab 16.1.1
tatistical software (Minitab Inc., State College, PA, USA).

. Results
Antigens or antibodies to D. immitis, FeLV, FIV were
ound in 4.6%, 24.5%, and 20.1% of 746 cats, respectively;
nfection with both FIV and FeLV was the most common
108 0.9%
161 0.6%

co-infection (12.3% of 333 cats positive for either pathogen)
(Table 2). T. gondii antibodies were detected in 10.1% of 348
cats tested. Overall, for the 348 cats tested for the 4 differ-
ent agents, there were 126 positive for a single agent, 29
positive for two  agents, 5 positive for three agents, and a
single cat positive for all four agents. This single cat pos-
itive for all four agents was  a male of unknown age and
indoor–outdoor status (Table 2). Of the 35 cats that were
positive for T. gondii,  15 (42.9%) were also positive for one
or more of the other agents for which testing was per-
formed: 1 (2.9%) had antigens of heartworm; 10 (28.6%)
had antigens of FeLV; and 11 (31.4%) had antibodies to FIV.

Overall, for the 35 cats with T. gondii antibodies, 13 were
male and 8 were female (gender was not recorded for 14
cats) (Table 1). Relative to age, there were 9 cats between
1 and 5 years of age (5 males and 4 females), 4 cats from
6 to 10 years of age (2 males and 2 females), and 1 female
cat that was over 10 years of age. For the cats of unknown
age, 6 were males, 1 was female, and for 14, gender had not
been recorded.

Only two  factors were significantly associated with the
likelihood of seroconversion to FIV; the indoor–outdoor
status of the cats did not prove to be significant. Male cats
were twice as likely to have seroconverted to FIV (Odds
Ratio OR = 2, 95% CI 1.2–3.6). With regard to age, the like-
lihood of seroconversion increased with the age of the
animal; cats above 6 years of age were 12 times more likely
than <1 year-old cats to have seroconverted (Odds Ratios:
1–5 years = 7.8; 6–10 years = 12.0; >10 years = 13.5).

In the case of FeLV, only age was  associated with a like-
lihood of antigen being present in the blood of the cats.
The likelihood of antigen being present decreased with age,
where older cats were 10 times less likely (OR = 0.1) to have
circulating antigen in their blood than the younger cats.

4. Discussion
In the present study 1 in 4 cats was  positive for FeLV
antigen, 1 in 5 for antibodies to FIV, 1 in 10 for antibod-
ies to T. gondii,  and about 1 in 20 cats had heartworm
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Table 3
Comparison of prevalence data from surrounding regions in Southeast Asia; no reports were found for Myanmar, Cambodia, or Laos.

Country Number of cats
examined

Method of
testinga

Positive for
D. immitis
(%)

Positive for
FeLV (%)

Positive for
FIV (%)

Positive for T.
gondii (%)

Reference

Thailand 746 ELISA, MAT  4.6% 24.5% 20.1% 10.1%b Current paper
Thailand 115 RIM 6.1% – – – Litster and

Nilkumhang
(2003a)

Thailand 52 PCR 1.9% – – – Nuchprayoon et al.
(2006)

Thailand  315 SFDT – – – 7.3% Sukthana et al.
(2003)

Thailand 592 LAT – – – 11.0% Jittapalapong et al.
(2007)

Thailand 1,490 SFDT – – – 4.8% Jittapalapong et al.
(2010)

Thailand 145 IgG ELISA – – 40% – Nilkumhang et al.
(1994)

Thailand 28 IgG ELISA – – 32.1% – Pusoonthornthum
et al. (1998)

Thailand 653 (stray cats)
110 (sick cats)

Ag ELISA –
–

0.9%
20.9%

– – Nilkumhang et al.
(1988)

Thailand 115 Ag ELISA (FeLV),
IgG ELISA (FIV)

– 6% 5% – Litster and
Nilkumhang
(2003b)

Thailand 133 Ag ELISA (FeLV),
IgG ELISA (FIV)

– 14.3% 12.8% – Sattasathuchana
et al. (2009)

China 278 CAg & IgG ELISA – – – 4.7% Xie et al. (2010)
China 114 IgG ELISA – – – 23.7% Chen et al. (2005)
China 206 IgG ELISA – – – 25.2% Zhang et al. (2009)
Malaysia 101 Ag ELISA – 3.0% – – Noor and Cheng

(1983)
Malaysia  200 Oocysts – – – 13% Shanta et al. (1980)
Malaysia 477 Mf ID 0.2% – – Mak  et al. (1980)
Malaysia 100 Necropsy 3% – – – Amin-Badjee

(1978)
Malaysia 55 IFAT – – – 14.5% Chandrawathani

et al. (2008)
Vietnam 50 Ag ELISA (FeLV),

IgG ELISA (FIV),
RIM (FeLV Ag, FIV
Ab),
IFAT (FIV)

– 0% 22% – Nakamura et al.
(2000)

Vietnam  69 Ag ELISA (FeLV),
IgG ELISA (FIV),
RIM (FeLV Ag, FIV
Ab), IFAT (FIV)

– 0% 0% – Miyazawa et al.
(1998)

Vietnam  155 LAT – – – 72.3% Hosono et al.
(2009)

Philippines 1 Necropsy Present – – – Manuel and
Peneyra (1967)

Philippines 125 Ag ELISA – 11.2% – – Carlos et al. (1992)
Singapore 722 LAT and Toxocell

AD
– – – 30.7% Chong et al. (1993)

Indonesia 69 IHA – – – 59.4% Durfee et al. (1976)

a ELISA, enzyme-linked immunosorbent assay; MAT, Modified Agglutination Test; RIM, Rapid Immuno-Migration Assay; PCR, Polymerase Chain Reaction;
larial Id
SFDT,  Sabin-Feldman Dye Test; CAg, Circulating Antigen; Mf  ID, Microfi

Antibody Test; Biokit S.A., Barcelona, Spain.
b 348 cats tested (subset of 746 cats).

burdens of sufficient magnitude to be detectable on an anti-
gen test. Seroprevalence of antibodies to T. gondii varies
among countries, within different areas of a country, and
within the same city (Dubey, 2010). The reasons for these
variations are many, and generalizations cannot reliably

be made. For example, it has been suggested that the
low seroprevalence (7.3–11%) in Bangkok, Thailand can be
attributed to the lifestyle of the surveyed cats (Sukthana
et al., 2003). The majority (95%) of the population of
entification; LAT, Latex Agglutination Test; IFAT, Indirect Fluorescence

Thailand is Buddhist, and killing any animal is sinful. There
are approximately 15,000 cats (30 × 500 temples) that live
permanently around Buddhist temples, and these cats are
fed mainly cooked fish and rice by the public or monks,
possibly reducing feeding on rodent or avian prey.
Although there have been surveys on the prevalence of
T. gondii in cats in Southeast Asia (Table 3), the present
study is the first comprehensive survey for four pathogens.
Surveys for FeLV and FIV feline infections in Thailand
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ave been published in local journals or proceedings and
re not available for wider readership (Nilkumhang et al.,
988, 1994; Pusoonthornthum et al., 1998; Litster and
ilkumhang, 2003b; Sattasathuchana et al., 2009). The
0% T. gondii seroprevalence in our study is similar to
rior reports from Thailand, lower than that reported
or Malaysia, Vietnam, and surrounding areas of China
Table 3), and lower than the 25% prevalence reported for
ats worldwide (Dubey, 2010).

In the case of heartworm, it would appear that 4.6%
f cats tested have sufficient worm burdens, i.e., more
han one female heartworm, to allow detection by the
ntigen assay that was used. This is in agreement with a
rior study in Malaysia where 3% of 100 cats were posi-
ive at necropsy (Amin-Badjee, 1978). Since heartworms
o not routinely develop patent infections with circu-

ating microfilariae in cats, it is not surprising that only
.2% of cats in Malaysia were positive when blood was
xamined for the presence of microfilariae (Mak et al.,
980). There does not appear to be any cross-reaction in
he SNAP® Feline Triple® Test between D. immitis and
he other common canine Dirofilaria species, D. repens
Pantchev et al., 2009).

FeLV was highly prevalent in this population of cats
ith nearly 25% of the cats being antigen positive. There

s unfortunately little information on the extent of dis-
ase caused by FeLV in cats in Thailand where vaccination
s not routine. Surprisingly, prevalence seems to have
ncreased in the past decade (Litster and Nilkumhang,
003b; Sattasathuchana et al., 2009). The significant lack
f FeLV-positive cats over 5 years of age may  be due to the
ats, possibly young and susceptible to FeLV infection, suc-
umbing to an FeLV-related disease within 3 years after
ecoming persistently viremic and not living as long as
ninfected cats. Alternatively, older cats may  have been
apable of developing protective immunity or becoming
atently infected hence not being antigenemic or viremic
Dunham and Graham, 2008). The prevalence of FeLV in
ats in Thailand was much higher than reported elsewhere
n Southeast Asia especially Vietnam which had a total lack
f FeLV in 119 cats sampled (Table 3).

The number of cats exposed to FIV was also very high
n Thailand. In the present study, as in other studies world-

ide, there were more male cats infected than expected by
hance alone, which can be explained by the spread of the
irus between cats by fighting.

FeLV-positive cats less than 1 year of age were found
ore commonly than FIV-seropositive cats of the same age.

his may  be due to the differences in age and behavior of
ats prone to be infected by either pathogen. Male adult
ats and free-roaming cats are most likely to be infected
y biting which is a major route of FIV transmission. In
ontrast, FeLV transmission mostly occurs via close contact
mong friendly cats. Also, young kittens are particularly
ore susceptible to FeLV (Hosie et al., 2009; Lutz et al.,

009). Akhtardanesh et al. (2010) reported seroprevalences
f 32.1% for T. gondii,  19.2% for FIV, and 14.2% for FeLV in

40 cats from Iran and seropositivity for all 3 infections was
igher in older cats. In general FIV and FeLV infection rates
re higher in stray male cats. There is little information on
o-infections in cats in Asia.
rasitology 188 (2012) 25– 30 29
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